Introduction 1
The computational analysis of reinforced concrete structures 2 subjected to dynamic or cyclic loadings requires realistic 
26
When reloading starts from zero stress to meet the envelope 27 curve, it is found that the reloading curve becomes rather flat in 28 most of its range and may be represented by a simple straight 29 line (Sinha et al. [1] ) or a second-order parabola (Karsan and 30 Jirsa [3] ).
31
Yankelevsky and Reinhardt [4] proposed a simple uniaxial test, including (1) the initial modulus of concrete E 0 , (2) the 6 strain at the elastic limit ε 0 and (3) the coordinates at the peak 7 of the stress-strain curve (ε c , f c ).
8
The following equation is adopted for the stress-strain 9 envelope curve of concrete: previously mentioned).
21
Eq.
(1) can be rewritten as
25
The compression damage parameter δ − represents the material 
38
This equation can be written as follows: where
44
The Eq. (5) can be rewritten in terms of the compressive 45 damage as follows:
where and characterized by high stiffness at the beginning (Fig. 2 ).
56
The stiffness gradually decreases and becomes very flat at low defines the unloading and reloading path and determines the none of these important characteristics are previously fixed.
27
The final unloading stiffness and the unloading strain-plastic 28 strain ratio are explicitly related to the damage accumulation in 
32
The proposed unloading curve is given by the equation:
with r = ε un /ε pl and R = E pl /E 0 . ε pl is the strain at 37 zero stress, E pl is the stiffness at the end of the unloading 38 curve and (Fig. 3) δ − at the reloading strain ε re ) and the unloading compressive 62 damage δ un presents a linear behavior (Fig. 4) . The difference modelled also by a second order parabola (Fig. 7) . often referred to as the common point). These relationships can 13 be expressed as follows: 
36 where ε rev is the strain at the reversal point (Fig. 8) . The 
U N C O R R E C T E D P R O O F
JEST: 2271 When a partial reloading is performed, the following 1 unloading path is modeled by Eq. (10) but substituting the 2 unloading strain and the slope at zero stress as follows (curve 3 3 in Fig. 9 ): where ε ct is the tensile strain that corresponds with the tensile 55 strength (Fig. 10 ) and α is defined by the following expression:
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where G f is the fracture energy (considered as a material 58 property), f ct is the tensile strength of concrete and l * is 59 a "characteristic length" or "crack bandwidth" introduced to 60 guarantee the objectivity of the results with respect to the size 61 of the finite element mesh (Oliver [37] ).
62
Like in compression, it is useful to rewrite the expression
63
(13) to define the damage in tension as: where
The tensile damage parameter δ + measures the material 3 degradation in tension and varies from 0 (material without 4 deterioration) to 1 (completely damaged material).
5
In reinforced concrete, the tension stiffening effect can be 6 modeled through an adequate adjustment of the fracture energy 7 in (14).
8
Cyclic behaviour is modelled herein in a simplified way.
9
A straight line is used for the unloading branch in tension.
10
The same curve is considered for the reloading branch when is proposed to account for the stiffness deterioration:
where E new is defined in Fig. 10 . 
24
The transition curve from tension to compression once the 25 damage in tension is produced, closing the cracked zones, is 26 assumed to be linear which is in agreement with experimental 27 results (Légeron et al. [39] ). The crack closure mechanism is 28 governed by the "crack closure stress" σ f (see Fig. 11 ) which 29 is the stress at which the crack is supposed to be completely tensile strength (Légeron et al. [39] ) and can be taken as
In the case of concrete with dry joints, σ f can be significantly 37 lower.
38
The increasing of compression damage may produce a 39 decrease in the magnitude of this variable (Mazars et al. [40] ).
40
A simple linear variation of σ f with the compression damage is 41 considered herein as follows: [4] .
60
The mechanical characteristics considered for the model are 61 summarized in Table 1 .
62
In all cases the strains where the unloading curves start in the Yankelevsky and Reinhardt [4] .
69
In Figs Concrete specimens were submitted to cyclic tension with 85 different lower stress values.
86
In the first case (Fig. 15) In the second case (Fig. 16 ) the lower stress considered is 5 compressive and amounts to 15% of the tensile strength. In the 6 experimental curve, the unloading and the reloading path of one 
